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IXS & disordered systems
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e Interplay between structure and dynamics
e Vibrations & relaxations at the picosecond time scale
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Long standing puzzle of the high-frequency dynamics
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1992-2016 — development of IXS @ ESRF
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Short range order in liquids
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Es. sodium: the short range order of the liquid
evolves with P and T following similar
transformations as in the solid phase
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The dynamic structure factor of sodium
Inelastic x-ray scattering data @ ID16, E=23.724 keV, AE=1.4 meV
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A simple crystal-like model

Liquid Na 390 K Polycrystalline Na 295 K
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The order fingerprint
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The disorder fingerprint
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> Local order = dispersion
> Average disorder = broadening
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Liquids: reaching the macroscopic limit

At high g (> T nm™1) the dynamics is At low g (< T nm~T) macroscopic
g-dependent hydrodynamics is recovered
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The universal anomalies of glasses
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Elastic heterogeneities - |

Spatial heterogeneities of the local

Non affine displacement field (silica)
shear modulus of a model polymer glass
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Elastic heterogeneities - |l

Very limited experimental information on the local elasticity of glasses

Atomic force acoustic microscopy:
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The dynamic structure factor of glycerol

Inelastic x-ray scattering data @ 1D16, E=23.724 keV, AE=1.4 meV
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® Breakdown of the continuum approximation
In glasses

0 1 2 3 4 5 6 o 1 2 3 4 5 6
q (nm™) q (nm”)

Breakdown of the Debye approximation & appearence of a Reyleigh
scattering regime on the mesoscopic lengthscale of glasses

g.m. & Giordano, PNAS 106, 3659 (09)
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Elastic heterogeneities - llI
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The case of SIO, - IV
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Conclusions

1. The X-ray echo scheme promises to offer 102-10° times higher signal
than at current IXS beamlines. Experiments not feasible at storage rings
will be feasible, and those already feasible will be much faster...

2. In liquids it will be possible to study the g-dependence of the relaxation
dynamics up to a fraction of a ns. This includes, in particular, the
structural relaxation time in the critical temperature region for the
dynamical arrest.

3. In both glasses and liquids, the mesoscopic range will be accessible with
a single technique! This can be crucial for metastable systems...

Thank, you !
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